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RELEASE NO: 66-96 

NASA TO LAUNCH 

ATMOSPHEFE 

EXPLORER 

The National Aeronautics and Space Administration w i l l  

launch a 495-pound spacecraf t  i n t o  a 750 by 170 mile o r b i t  

aboard a Delta launch vehicle  from Cape Kennedy, Fla. no 

e a r l i e r  than May 11. 

Cal led  Atmosphere Explorer-B, the aeronomy spacecraf t  

w i l l  c a r ry  e i g h t  experiments t o  measure temperatures, com- 

pos i t i on ,  d e n s i t i e s  and pressures i n  the upper atmosphere, on 

a g loba l  basis. 

I f  successfu l ly  placed i n  o r b i t ,  AE-B w i l l  be named 

Explorer XXXII; a t  the  same t i m e ,  i t  w i l l  g ive the three-stage 

Delta launch vehicle  a record of 35 spacecraf t  o rb i t ed  i n  38 

launches.  

T h i s  w i l l  be the f irst  u s e  by the Del ta  of a new t h i r d -  

s t a g e  motor ( the  FW-4 s o l i d  propel lan t  u n i t )  although FW-4 

s t a g e s  have been used on three Scout launch vehicle  f l i g h t s .  

. 
-more- 
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Primary s c i e n t i f i c  goal  of the AE-B experimenters i s  

t o  c o l l e c t  accura te  da t a  which w i l l  provide a b e t t e r  under- 

standing of  how and why changes occur i n  the  upper atmosphere. 

A secondary objec t ive  i s  to study the  e f f e c t s  o f  sho r t -  

term disturbances i n  the atmosphere caused by r a d i a t i o n  from 

so lar  storms. These storms now occur more frequent ly  because 

o f  an increasing l e v e l  o f  s o l a r  a c t i v i t y .  

important e f f e c t  of such storms i s  d i s rup t ion  of short-wave 

r ad io  communications which use the  ionosphere as a r e f l e c t o r  

i n  bouncing s i g n a l s  around the globe. 

One v i t a l l y  

S o l a r  a c t i v i t y  va r i e s  over an 11-year period. During 

t h i s  cycle,, the  a c t i v i t y  o f  the Sun slowly t ape r s  o f f  from a 

high p o i n t  f o r  about the f i r s t  nine years  and then r a p i d l y  

r i s e s  back t o  the high phase during the remaining two years .  

Since the l a s t  high poin t  was i n  1957, the  Sun i s  . lust  

en te r ing  i t s  period of  maximum change. By launching thL - 1  -B 

a t  t h i s  time, the  experimenters have the  opportuni ty  t o  cover 

much of t h i s  period of  maximum change during the  s p a c e c r a f t ' s  

expected l i f e t i m e  o f  about a year .  

-more- 
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The AE-B will be the second aeronomy spacecraft launched 

by NASA. The first, Explorer XVII (AE-A), was launched April 

1963. Designed for a lifetime of three months, this battery- 

powered spacecraft lasted 100 days. It provided the first 

worldwide measurements of upper atmospheric constituents 3rd 

3, 

parameters which have already revised man's thinking about the 

physics of the atmosphere. 

The AE-B is similar to Explorer XVII, but weighs 55 pounds 
more than its predecessor. It is a 35-inch-diameter stainless 

steel, hermetically-sealed sphere. This houses the necessary 

electrical and mechanical instrumentation. 

The only appendages on the spacecraft are a canted 

turnstile antenna and two electrostatic probes which protrude 

18 inches on each side of the spacecraft's equator. The re- 

mainder of the acientific instruments are mounted in vacuum- 

sealed holes on the spacecraft surface. 

cells are bonded directly to the spacecraft shell to provide 

electric power to recharge the batteries, thus extending its 

lifetime to about a year. 

A total of 2064 solar 

Other changes are expected to improve data collection and 

recording capabilities. These include a tape recorder to store 

scientific data picked up over areas where there are no ground 

stations and a spin-axis orientation system to help keep the 

spacecraft oriented properly for maximum use of scientific 
instrumentation. -more- 
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Some pressure will be b u i l t  up ins ide  the sealed space- 

c r a f t  during i t s  l i f e t i m e  due t o  the  hydrogen and poss ib ly  

some oxygen generated by the b a t t e r i e s .  Pressure will be 

r e l i eved  by th ree  f u e l  c e l l s .  These c e l l s  produce an e l e c t r o -  

chemical reac t ion  upon contac t  with hydrogen o r  oxygen, t o  

change the gases  i n t o  water, and s t o r e  the  water. 

Pressure r e l i e f  beyond the l i f e t i m e  of  these c e l l s  w i l l  

be a t t a ined  by a*motor-driven vacuum valve. 

p e r m i t  the  b a t t e r y  gases t o  leak  o u t  of the spacecraf t  on 

command a t  a rate of about t h r e e  pounds a day. 

This u n i t  w i l l  

The Atmosphere Explorer program i s  d i r e c t e d  by the  Physics 

and Astronomy Programs Division of the Off ice  of  Space Science 

and Appllcations a t  NASA Headquarters. P ro jec t  management i s  

under the d i r ec t ion  of Goddard Space F l i g h t  Center, Greenbelt ,  

Md., which a l s o  i s  responsible  f o r  t racking  and data ac- 

q u i s i t i o n  and the Delta launch vehicle .  I n  addi t ion ,  all 

experiments on board are the  r e s p o n s i b i l i t y  of  GSFC s c i e n t i s t s .  

The AE-B was designed and b u i l t  by Goddard's Spacecraf t  

Technology Division and the Aeronomy Branch. P r i m e  con t r ac to r  

f o r  the three-stage Delta launch veh ic l e  i s  the Douglas A i r -  

c r a f t  Company, Inc., Santa Monica, C a l i f .  The FW-4 motor is 

developed by United Technology Corp., Sunnyvale, Calif. 

(END OF GENERAL RELEASE; BACKGROUND INFORMATION POLLOWS) 

-more- 



. AE-B SCIENTIFIC OBTECTIVES 

The Atmosphere Explorer43 (AE-B) is t he  second aeronomy 

spacec ra f t  of  a s e r i e s  which began w i t h  the  launch o f  Explorer 

X V I I  in Apri l ,  1963. 

The primary s c i e n t i f i c  goal of t he  AE-B i n v e s t i g a t o r s  i s  

t o  ob ta in  s u f f i c i e n t l y  accura te  measurements of t he  upper 

atmosphere around the globe and Its v a r i a t i o n s  w i t h  time of  day, 

season and year. 

underlying processes  of  t h i s  region of the  atmosphere and an 

eva lua t ion  of  their  r e l a t i v e  importance. 

Such data w i l l  permit i d e n t i f i c a t i o n  of  the 

The experiments and o r b i t a l  parameters of  t he  AE-B have 

been s e l e c t e d  t o  provide, w i t h  simultaneous operat ion,  the 

basis f o r  the study of  phys ica l  processes as opposed to ,  f o r  

example, studies which are pr imar i ly  mapping, desc r ip t ive ,  

o r  of a survey nature .  

A second ob jec t ive  of the AE-B p r o j e c t  is t o  study the 

e f f e c t s  of s h o r t  term per turba t ions  of  the atmosphere which 

are induced by t he  d i r e c t  and delayed e f f e c t s  o f  s o l a r  stomns. 

These e f f e c t s  w i l l  be pr imar i ly  ev ident  i n  the  a u r o r a l  regions 

and i n  the  area of t he  South At l an t i c  magnetic anomaly. 
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Scheduling of the spacecraft's operations therefore will 

include extensive coverage of these regions as well as exten- 

sive global and temporal coverage. 

THE SPACECRAFT 

The basic spacecraft structure of the Atmosphere 

Explorer-B consists of' a spherically-shaped, 35-inch diameter 

shell. The hermetically sealed shell is made of stainless 

steel, 25b000ths of an inch thick. Access to the internal 

components of the spacecraft is through a bolted lid section. 

A total of 2064 solar cells are affixed directly to the 

spacecraft shell. Five trapezoidal-shaped patches of these 

cells are located on the top of the spacecraft and seven on the 

bottom. Each patch consists of 43 modules of cells connected 

in series with each module containing four solar cells con- 

nected in parallel. 

The only appendages on the Spacecraft include a canted 

turnstile antenna which projects from the bottom. Additionally, 

there are two electrostatic probe experiments, one projecting 

from each side of the spacecraft. These probes are 18.4 inches 

long. 

-more- 
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The AE-B i s  designed t o  be vacuum t igh t ,  thus preventing 

the  spacecraf t  from measuring i t s  own gaseous discharges 

as it  o r b i t s  the  Earth. The i n t e g r i t y  of the  spacec ra f t ' s  

i n t e r n a l  pressure i s  maintained by copper shea.? gaskefYs I s c z t e d  

a t  the  various j o i n t s .  

S t a i n l e s s  s t e e l  was used f o r  t he  spacec ra f t  s h e l l  because 

of  the  exce l l en t  vacuum p r o p e r t i e s  of t h i s  metal. S t a i n l e s s  

s t e e l  does not  outgas ex tens ive ly  i n  the  vacuum of o u t e r  space. 

That is, it does not  r e l e a s e  e l ec t rons  ex tens ive ly  which could 

be picked up by spacecraf t  sensors.  

The AE-B i s  sp in - s t ab i l i zed ,  employing a yo-yo de-spin 

mechanism t o  a t t a i n  the  proper sp in  rate of  30 r evo lu t ions  pe r  

minute. This mechanism c o n s i s t s  of  two long wires  w i t h  weights 

a t  t h e i r  ends which au tomat ica l ly  unla tch  i n  o r b i t .  The wires 

unwind from around the  spacec ra f t ' s  equator  due t o  the  cen- 

t r i f u g a l  force of the  weights. 

As the weights swing out ,  the spinning spacec ra f t  provides 

the  k i n e t i c  energy (energy of motion) t o  speed the  weights i n  

t h e i r  ever-widening c i r c l e s .  The spacec ra f t  provides t h i s  

energy only a t  the  expense of i t s  own spinning motion, and 

thus  begins t o  slow i t s  spin.  

O f  t he  wires, the weights a r e  re leased.  A t  t h i s  poin t ,  t he  

spacec ra f t  i s  spinning a t  the d e s i r e d  r a t e .  

When they reach the f'ull length  

-more - 
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Since the AE-B i s  sp in  s t ab i l i zed ,  t he  experiments are 

loca ted  on the spacecraf t  i n  such a manner as t o  take advantage 

of the favorable aspec t  of  the spinning motion. The experiment 

sensors  are located on the spacecraf t  as follows: 

-- Nearly equal ly  spaced around the spacecraf t  equator: 

One n e u t r a l - p a r t i c l e  mass spectrometer 

One ion-mass spectrometer 

Two magnetron dens i ty  gages 

Two e l e c t r o s t a t i c  probes 

-- 55-degrees o f f  the spacecraf t  equator toward the top: 

One magnetron dens i ty  gage 

-- On the top  a t  the s p i n  axis: 

One neu t r a l -pa r t i c l e  mass spectrometer 

I n  the primary mode of operation, the AE-B w i l l  genera l ly  

s p i n  through space t o  make c e r t a i n  that  i t s  sensors  d e t e c t  

information i n  the  d i r e c t i o n  o f  the  spacec ra f t ' s  o r b i t a l  path. 

Thus, the gas-sampling sensors located around the  spacec ra f t ' s  

equator  are arranged so as t o  be c y c l i c l y  or ien ted  f i r s t  i n  t h e  

d i r e c t i o n  of the  spacecraf t  motion, and then i n  the d i r e c t i o n  

oppos i te  t o  the forward motion a f te r  the  spacecraf t  r o t a t e s  

180 degrees.  

-more - 
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SCIENTIFIC EXPERIPENTS 

The selection of the eight experiments for the AE-B 

was based on the results of the Explorer XVII spacecraft 

and upon the needs of the resulting data studies. In par- 

ticular, these experiments will make high-resolution direct 

measurements of neutral and charged particle constituents 

and other parameters of the Earth's upper atmosphere. In 

particular, these experiments are designed to collect data 

f o r  analyzing the distributions and concentrations of the 

particles and their energies. 

A l l  of the experiments onboard the AE-B were provided by 

the Goddard Space Flight Center. 

A description of the AE-B experiments follows: 

f 

Ion Mass Spectrometer 

The AE-B carries one ion mass spectrometer to measure the 

concentration and scale height of the ionic constituents of 

the atmosphere. This instrument is located on the spacecraft's 

equator. It is designed to collect data on the following 

atmospheric ions: hydrogen, helium, atomic nitrogen and atomic 

oxygen. 

-more - 
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Ions e n t e r  t he  spectrometer through an o r i f i c e  i n  the 

s p a c e c r a f t r s  s k i n  and a r e  acce lera ted  along the  axis of t he  

instrument, This i s  accomplished by means of an e l e c t r i c  

f i e l d  created within a s e r i e s  o f  p a r a l l e l  g r i d s  i n  the  

spectrometw; The azcel?Faiion p o t e n t i a l  o f  t h i s  f i e l d  IS 

varied such t h a t  only the  se l ec t ed  ions  (hydrogen, helium, etc.)  

reach the resonant ve loc i ty  of  the  instrument. These a r e  

co l l ec t ed  and measured as an ion cu r ren t  which i s  then con- 

ver ted t o  ambient ion densi ty .  The p a r t i c l e s  of  i n t e r e s t  can 

be i d e n t i f i e d  by the  p o t e n t i a l  required t o  a c c e l e r a t e  them t o  

resonant ve loc i ty  . 

Neutra l -Par t ic le  Mass Spectrometer 

Two such spectrometers a r e  c a r r i e d  on the AE-B t o  he lp  

determine the  concentrat ion and temperature of t he  n e u t r a l  

cons t i t uen t s  of t he  atmosphere. One of t hese  u n i t s  i s  loca ted  

on the  spacecraf t ' s  equator while the  o t h e r  u n i t  is loca ted  

on the  t o p  a t  t he  s p a c e c r a f t ' s  spin-axis.  These spectrometers 

a r e  nearly i d e n t i c a l  t o  those employed on the  Explorer XVII, 

except f o r  s eve ra l  r e l a t i v e l y  minor bu t  s i g n i f i c a n t  changes 

which allow f o r  more p rec i se  measurements. 

mass spectrometers a r e  designed t o  measure t h e  concentrat ion of 

t he  following n e u t r a l  atmospheric cons t i t uen t s :  atomic hydrogen, 

helium, and both molecular and atomic n i t rogen  and oxygen. 

The n e u t r a l  p a r t i c l e  

-more- 
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A n e u t r a l - p a r t i c l e  mass spectrometer counts e l e c t r i c a l l y  

n e u t r a l  p a r t i c l e s  i n  space by breaking such p a r t i c l e s  i n t o  

p o s i t i v e  ions  and negat ive electrons.  

are made t o  move through e l e c t r i c  and magnetic f i e l d s  of 

known strength which d e f l e c t  the p a r t i c l e s .  

t h i s  d e f l e c t i o n  depends l a rge ly  on the  mass o f  the p a r t i c l e s ;  

p a r t i c l e s  of the same mass will be de f l ec t ed  along the  same 

path,  

The r e s u l t i n g  ions  

The ex ten t  of 

A sensing device i n  the spectrometer is loca ted  such that 

i t  i n t e r c e p t s  the stream of p a r t i c l e s  so they can be counted. 

Since t h e  f i e l d  s t r eng th  and loca t ion  of t he  sensor is  s p e c i f i c  

f o r  c e r t a i n  masses of p a r t i c l e s ,  and s ince  the mass of the  ion 

is s p e c i f i c  f o r  each component that  is  ionized, s e l ec t ed  com- 

ponents of t he  atmosphere can be i d e n t i f i e d ,  

-more- 
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Density Gages 

Three magnetron dens i ty  gages are included i n  the AE-B's 

s c i e n t i f i c  payload t o  help determine the t o t a l  n e t u r a l  par- 

t i c l e  dens i ty  and s c a l e  height i n  the atmoaphere. 

Two of t he  gages are loca ted  on the spacec ra f t ' s  sur face  

The t h i r d  gage i$ loca ted  55 degrees off  the a t  the equator. 

equator  towards t h e ' t o p  of the AE-B. 

vacuum-sealed i n t o  openings on the spacec ra f t  surface.  These 

o r i f i c e s  give the gages an unimpeded view fromhhorlzon t o  

horizon. 

All of the gages are 

A magnetron gage employs a cold-cathode t o  produce e l ec -  

t rons .  These are trapped i n  the gage's magnetic and e l e c t r i c  

f i e l d s  which have l i n e s  of f o r c e  perpendicular  t o  each other .  

Because bhe e l ec t rons  are trapped i n  t h e  f ie lds ,  they  

have long paths of movement, thus  making it more l i k e l y  that 

they w i l l  c o l l i d e  with any n e u t r a l  gases e n t e r i n g  the  gage. 

Such colllsAons produce ions.  The number of ions  generated 

is measured as a cur ren t  which i s  p ropor t iona l  t o  t h e  p a r t i c l e  

dens i ty  i n  the gage. T h i s  gage dens i ty  is, i n  turn ,  propor- 

t i o n a l  t o  the atmospheric dens i ty .  

-more - 
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E l e c t r o s t a t i c  Probes 

The AE-B c a r r i e s  two e l e c t r o s t a t i c  probes t o  determine 

the concentration and temperature of thermal e l ec t rons  i n  the  

upper atmosphere. These prcbes z ~ e  c y l i n d r i c a l  e l ec t rodes  

which protrude about 18 inches out from e i the r  side of the 

spacecraf t  a t  the equator.  

t h a t  one of them always w i l l  be ahead of the spacecraf t  and 

thereby free from the plasma wake behind the o r b i t i n g  AE-B. 

Two probes are used t o  in su re  

I n  t h e  launch configuration, these spring-mounted probes 

are held down c lose  t o  the spacec ra f t  by the nose f a i r i n g  of 

the launch vehicle .  Once the nose f a i r i n g  has been e j e c t e d  

during f l i g h t ,  however, the  two probes spr ing s t ra ight  out  i n  

t he i r  o r b i t  configuration. 

When a vol tage is  applied t o  an  e l e c t r o s t a t i c  probe im- 

mersed i n  a plasma, such as the AE-B w i l l  be i n  o r b i t ,  an  

e lhc t ron  cur ren t  i s  co l l ec t ed  a s  a func t ion  of the applied 

voltage.  

dens i ty  and temperature of the ambient e l e c t r o n s  i n  the im- 

mediate v i c i n i t y  of the spacecraf t .  

Proper i n t e r p r e t a t i o n  of t h i s  cur ren t  g ives  the 

The AE-B e l e c t r o s t a t i c  probes are similar t o  those flown 

previously on Explorers XVII, XXII, XXVII, =I, Ti ros  VI1 and 

Alouette I1 and numerous sounding rockets .  

-more- 
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. Thus, a l l  of the data co l l ec t ed  with these spacec ra f t  

can be co r re l a t ed  with the data from the AE-B probe. 

OPTICAL ASPECT SYSTEM 

The func t ion  of the  Optical  Aspect System on the AE-B is  

t o  permit the spacec ra f t ' s  o r i e n t a t i o n  t o  be determined a t  any 

time with r e spec t  t o  the Earth, Sun o r  Moon, This anformation 

is necessary f o r  the co r rec t  i n t e r p r e t a t i o n  of the s c i e n t i f i c  

data c o l l e c t e d  by the spacec ra f t ' s  experiments. 

The Optical  Aspect System cons i s t s  of fou r  sets of sen- 

s o r s  for c o l l e c t i n g  a spec t  data regardless of whether the 

spacec ra f t  I s  experiencing day or  night.  It a l s o  has a switch- 

i n g  system f o r  t u rn ing  off those a spec t  sensors  not i n  use a t  

any given time. 

mylight Aspect Sensors 

1. Digital  Sun Sensor and Sun S l i t :  T h i s  sensor  g ives  

a seven-bit  i n d i c a t i o n  of the angle between the s p i n  a x i s  of 

the spacec ra f t  and the  Sun, 

The d ig i ta l  Sun sensor  employs seven photoce l l s  placed a 

s h o r t  d i s t ance  behind a l ight  m s k  with seven d i f f e r e n t  pat- 

t e r n s  of rec tangular  openings. L i g h t  en t e r ing  the openings 

a t  a p a r t i c u l a r  aspec t  angle i l l umina te s  none, any, o r  any 

combination of the seven photocel ls .  

-more- 
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As many as 128 separate poss ib le  sun angles  can be 

measured i n  t h i s  manner. 

The Sun slit, par t  sf UIILU sensor,  which has a 140-degree 

f i e l d  of view, provides an  a d d i t i o n a l  pu lse  a t  the i n s t a n t  

when the aspect  sensor sweeps ac ross  the Sun. 

2. V i s i b l e  Earth Horizon Sensors:  There are two such 

sensors  on the AE-B. They are narrow pencil-beam d e t e c t o r s  

which a r e  s e n s i t i v e  t o  Earth sh ine  i n  the v i s i b l e  part  of the 

energy spectrum. These sensors  are mounted a t  68 degrees and 

112 degrees, respec t ive ly ,  with r e spec t  t o  the spacec ra f t ' s  

s p i n  ax is .  

Night Sensors 

1. Inf rared  Earth-Horizon Sensors:  These sensors  are 

i d e n t i c a l  t o  the v i s i b l e  Earth-horizon sensors  w i t h  the  ex- 

cept ion khat  they are s e n s i t i v e  only t o  the seven-to-15-micron 

reg ion  of the u l t r a v i o l e t  po r t ion  of the energy spectrum. 

2. Moon S l i t  Detector:  T h i s  d e t e c t o r  provides  an  out- 

pu t  pu lse  whenever i ts  aspec t  sensor  sweeps a c r o s s  the Moon. 

It I s  turned on only a t  night .  

-more- 
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Day-Night Switching Detectors 

There are two types of day-night switch de tec to r s  which 

are a c t u a l l y  i d e n t i f i e d  as Sun switch de tec to r s .  The first 

senses  whether t h e  Sun is  shining on the spacecraf t .  If it  

is, the  i n f r a r e d  horizon sensors  and the Moon s l i t  d e t e c t o r s  

a r e  turned o f f .  Otherwise, these aspec t  sensors  a r e  l e f t  on. 

The second type of Sun switch de tec to r  blanks the  output of 

the Earth-horizon d e t e c t o r s  whenever they sweep ac ross  the  Sun. 

SPACECRAFT POWER SUPPLY 

The b a s i c  power supply of the AE-B c o n s i s t s  o f  about 178 

pounds of s i l ve r - z inc  batteries with a t o t a l  capac i ty  of 10,500 

watt hours. This is  the same type of power supply employed on 

the Ekplorer XVII which had s u f f i c i e n t  power f o r  100 days of 

operat ion.  If the b a t t e r i e s  on the AE-B a r e  u t i l i z e d  on t h e  

same f i v e  turn-on per day basis as the  Explorer XVII, t h e  AE-B 

could be expected t o  have b a t t e r y  power enough f o r  s lxmonths  

operat ion.  The a d d i t i o n a l  b a t t e r y  l i f e t i m e  is  made poss ib l e  

by improvements i n  shelf l i fe ,  b e t t e r  b a t t e r y  pack balancing 

and reduced power demands. 

Unlike the Explorer XVII, the AE-B has been equipped with 

a modest s o l a r  c e l l  system which is  expected t o  provide 10 

watts of power on the average when commanded. 

-more- 
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This system g i v e s  the  AE-P, p ro j ec t  personnel the  capa- 

b i l i t y  of extending the  useful l i f e t i m e  of the  spacecraf t  be- 

yond the six months period as well  as increasing t h e  turn-on 

rate i f  desired.  

The s o l a r  c e l l s  are bonded d i r e c t l y  t o  t h e  spacec ra f t ' s  

s t a i n l e s s  s t e e l  s h e l l ,  t h u s  avoiding the  u s e  of  paddles.  This 

w i l l  minimize outgassing t o  such an ex ten t  that  the p a r t i c l e  

flow w i l l  not be de t ec t ab le  by the experiment sensors.  

INTERNAL PRESSURE RELIEF 

Since t h e  AE-B i s  a hermet ica l ly  sealed spacecraf t  with 

an  extended l i fe t ime,  some pressure  w i l l  be b u i l t  up i n t e r n a l l y  

due t o  the  hydrogen normally generated by i t s  b a t t e r i e s .  

s m a l l  amount of oxygen a l s o  might be Droduced. 

A 

A s  ameans of preventing a large pressure  b u i l t  up, t h e  

AE-B i s  equipped with t h r e e  Gas Combination Cells which have 

the  job of minimizing 

months a f t e r  launch. These devices each conta in  a n  exposed 

gas e lec t rode  on which hydrogen o r  oxygen i s  absorbed. When 

hydrogen is  absorbed, i t  r e a c t s  e lectrochemical ly  with an O X i -  

d i z e r  (copper oxide) s to red  i n s i d e  t h e  device t o  prodilce water. 

execessive pressure  f o r  about nine 
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If oxygen a l s o  i s  present ,  the two gases r e a c t  c a t a l y t i -  

c a l l y  on the exposed e lec t rode  s-lrfact, a l s o  forming water. 

A l l  of the water produced i n  t h i s  fash ion  remains within t h e  

combination c e l l s .  

Release of excessive pressure beyond the  l i fe t ime of  the 

Gas Combination Cel ls  i s  a t t a i n e d  by a motor-driven vacuum 

valve.  T h i s  valving permits the evolved gases t o  leak out  of 

the spacecraf t  on command a t  the  ra te  of about three and a 

half pounds per  square inch a day u n t i l  the  pressure i s  ade- 

qua te ly  reduced. The valve i s  then  commanded t o  c lose  u n t i l  

needed again.  

TELEMETRY AND DATA RECORDING SYSTEM 

Telemetry: Two i d e n t i c a l  te lemetry systems are used  on 

the AE-B. Each of these redundant systems a r e  s o l i d  state as- 

semblies which supply an output power of 500 m i l l i w a t t s  each. 

These pulse  code modulated (PCM) systems are capable of hand- 

l i n g  8640 bits/second. 

The t u r n s t i l e  antennas on t h e  AE-B provide an approximate 

omni-directional p a t t e r n  wi th  lows expected t o  be less than 

about fou r  decibels .  These antennas a r e  used with t k  cornman,: 

r ece ive r ,  t rack ing  t ransmi t te r ,  and the te lemetry system. 

-more - 
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Data Recording: As a means of permit t ing greater geo- 

graphica l  coverage than was poss ib l e  with t h e  Explorer XVII, 

the AE-B has been equipped wi th  a single-speed, continuous- 

loop tape recsrder. Tnis u n i t ,  con t ro l l ab le  with a n  onboard 

timer, timer-clock system, can be commanded to record scien-  

t i f i c  sensor data over any geographical area where t h e r e  i s  

no ground s t a t i o n .  To minimize i t s  complexity, t h i s  recorder  

has a capaci ty  adequate f o r  accommodating only a s i n g l e  turn-  

on (four minutes of operat ion a t  8640 bits/second) of t he  

spacecraf t .  

The onboard timer can be preset and i n i t i a t e d  upon com- 

mand t o  t u r n  the recorder  on through the spacec ra f t  e l e c t r i c a .  

con t ro l  system. The time base for the t imer  is  dr iven  b y  a 

tuning fo rk  (plus o r  minus 0.1 percent  accu ra t e )  and provides 

one-minute turn-on r e so lu t ion  referenced t o  command time. 

The accuracy of t h e  system can be v e r i f i e d  by a commanc 

readout of the clock up to 128 minutes a f te r  i n i t i a t i o n  of 

the delay timer,. / 

SPIN-AXIS AND SPIN-RATE CONTROL SYSTEM 

Spin Axis Control:  The s p i n  axis  of the sp in - s t ab i l i zed  

AE-B genera l ly  w i l l  be maintained normal t o  the  o r b i t  plane 

with a magnetic spin-axis o r i e n t a t i o n  device.  

-more- 
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I n  t h i s  manner, t he  spacec ra f t ' s  experiment w i l l  g a in  

optimum o r i e n t a t i o n  f o r  c o l l e c t i n g  data. Generally, the  mag- 

n e t i c  device provides con t ro l  of the  s p a c e c r a f t ' s  r e s i d u a l  

magnetic f i e l d  upon command and thereby affords con t ro l  of 

t he  s p i n  a x i s .  

The spin-axis  o r i e n t a t i o n  device on the  AE-B achieves 

spin-axis  o r i e n t a t i o n  by generat ing a magnetic d ipole  moment 

within t h e  spacec ra f t  along the  sp in  (X) a x i s ,  This moment 

w i l l  r e a c t  with t h e  Earth 's  magnetic f i e l d  t o  produce spin-  

a x i s  precession.  A t  30 q m ,  t he  precession rate w i l l  be nomi- 

n a l l y  1/4 degree per minute, enough t o  cancel out any dev ia t ion  

of the s p i n  axis from the  o r b i t a l  plane. 

Explorer X V I I ,  i n  which no con t ro l  was employed, exper- 

ienced a precess ion  of about 10 degrees a day and only i n f r e -  

quent ly  achieved an optimum or i en ta t ion .  

Spin Rate Control: Spin rate con t ro l  of the AE-B is  

achieved by means of a magnetic d ipole  moment generated i n  t h e  

s p a c e c r a f t ' s  Y-Z plane and properly phased with r e spec t  t o  t h e  

Earth's magnetic f i e l d .  

i n c r e a s e  or decrease sp in  r a t e .  The sense of the torque may 

be s e l e c t e d  by command, 

the s p i n  rate 15 rpm p e r  24 hours  of system operat ion.  

T h i s  moment will produce a torque t o  

T h i s  system will be able t o  change 

Less 

t h a n  one watt of power i s  required when t h e  sp in  rate system 

i s  on. 
-more- 
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DELTA LAUNCH VEHICLE 

Delta program management is  under the d i r e c t i o n  of the 

Office of Space Science and. AFplica'cions' Launch Vehicle and 

Propulsion Programs . Projec t  management i s  the respons ib i lk ty  

of Goddard Space F l i g h t  Center. Pr ime cont rac tor  f o r  the 

Delta launch vehic le  i s  the Douglas A i r c r a f t  Company, Santa 

Monica, Calif. 

Successful o r b i t i n g  of the AE-B onboard the  Delta w i l l  

g ive  t h i s  vehic le  a record of 35 spacecraf t  o rb i t ed  out of 38 

launches. 

The Delta vehicle  has the following c h a r a c t e r i s t i c s :  

Overall  length : 90 feet 

Maximum diameter: 8 feet  

Nominal l i f t e f f  weight: 114,000 pounds 

F i r s t  stage: Douglas Aircraft Co. Thor Missile. 

Burning time: About two minutes 
and 25 seconds 

Thrust : 172,000 pounds 

Fuel : Kerosene/liquid oxygen 

Weight : Over 50 t ons  

Second stage: Aerojet-General Corp,, AJ-10-118A pro- 
puls ion system. 

Burning time: About two minutes 
and 4.0 seconds 

-more- 
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Thrust : 

Fuel : 

Weight : 

Third stagg: 

Burning 

Thrust : 

Fuel : 

Weight : 

Length : 

7550 pounds 

Liquid UDMH/Red 
Fuming N i t r i c  Acid 

Two and one-half tons  

United Technology Corp., FW-4. 

t i m e  : 31 seconds 

5450 pounds 

So l id  propel lan t  

About 660 pounds 

About 62 inches 

Diameter: 19.6 inches 

The f l i g h t  sequence f o r  the Delta i s  as fol lows:  After 

burnout, the first stage fa l ls  away and the second stage i g n i t e s  

immediately. T h i r t y  seconds a f t e r  second stage ign i t ion ,  the 

nose f a i r i n g  i s  j e t t i s o n e d .  

the AE-B, the third-stage rocket and the third-stage i n s t r u -  

mentation from aerodynamic heating during f l i g h t  through the 

atmosphere, After second-stage burnout, the  vehic le  begins a 

coas t  per iod  of approximately seven minutes. Near the end of 

t h i s  period, small rocke ts  mounted on a table between the second 

and t h i r d  stage i g n i t e  and sp in  the table  up t o  90 revolu t ions  

per minute. 

i g n i t e s  and burns t o  achieve o r b i t a l  v e l o c i t y  of about 17,000 

m i l e s  an  hour. 

It is  t h i s  f a i r i n g  which p r o t e c t s  

The second s t age  separa tes  and the t h i r d  stage 
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Third s tage  separa t ion  then takes  place and the  payload 

i s  pushed i n t o  o r b i t ,  a f t e r  which it  is  de-spun to t h e  de- 

sired sp in  ra te  of 30 revolu t ions  pe r  minute. 

ATMOSPHERE EXPLORER-B FACT SHEET 

About 495 pounds t o t a l :  Experiments 50 lbs. St ruc tu re  92 I I  

Batteries 178 " 

Other g :: 
Struc ture  : A 35 inch diameter s t a i n l e s s  s t ee l  spher- 

i c a l  s h e l l  with appropr ia te  i n t e r n a l  

s t r u c t u r e .  S t ruc tu re  sur face  f i t t e d  with 

206J-t s o l a r  c e l l s .  

Appendages : A canted t u r n s t i l e  antenna cons i s t ing  of 

four 3/8th of an  inch diameter rods meas- 

ur ing  20-1/8 inches long protruding from 

t h e  bottom of the  spacecraf t .  There a l s o  

are two 18.4 inch long e l e c t r o s t a t i c  probes 

protruding from e i t h e r  s ide of the space- 

c r a f t  a t  the equator.  

Lifetime : Designed f o r  s i x  months u s e f u l  l ifetime 

without recharge.  T h i s  can be extended 

t o  nine months or a year  wi th  recharge.  

-mor e - 
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LAUNCH PHASE 

S i t e  : Complex 17B, Cape Kennedy, Eastern T e s t  

Range. 

Vehicle : Three-stage Delta. 

Launch Azimuth : 45 degrees. 

O r b i t a l  p l an  : 

POWER SYSTEM 

Power supply : 

Voltage : 

Pressure 
relief:  

Apogee: 750 m i l e s  (1200 ki lometers)  

Perigee : 170 m i l e s  (250 kilometers) 

Period: About 100 minutes 

Inc l ina t ion :  64 degrees 

Multiple s i l ve r - z inc  b a t t e r y  packs with 

a t o t a l  capaci ty  of 10,500 watt-hours. 

The s o l a r  c e l l s  feed a n  average of t e n  

watts of power on command during the 

spacec ra f t ' s  lifetime. 

Voltage requirements vary from 3.1 t o  21 

v o l t s  . 
The b a t t e r y  evolved gases ins ide  the 

hermetical ly  sealed spacecraf t  a r e  com- 

bined as water by three gas combination 

c e l l s  t o  minimize the pressure.  Pressure 

relief beyond the l i f e  of these c e l l s  i s  

a t t a i n e d  by a motor2driven vacuum valve.  

-more- 
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T h i s  valve permits the gases t o  leak out 

of the sealed spacecraf t  a t  the rate of 

about three pounds a day on command. 

f 

COMMUNICATIONS AND DATA-JdANDLING SYSTW- 

Telemetry : Pulse code modulation (PCM) 8640 b i t s /  

second. 

Transmitter : Requires about one-half w a t t  output.  

Encoder : 45 channels a t  20 n ine -b i t  samples/second. 

Tape 
recorder  : An endless  loop u n i t  wi th  more than two 

mi l l i on  b i t  capaci ty  (2.1 x lo6) pe r  

readout . 
TRACKING, TELEMETRY AND COMMAND STATIONS 

A l l  t rack ing  and te lemetry s ta t ior i s  are part of the 

Goddard Space F l i g h t  Center 's  Space Tracking and Data Acqui- 

s i t i o n  Network (STADAN) . P r i m a r y  s t a t i o n s  : Rosman, North 

Carolina, and Fairbanks, Alaska. These s t a t i o n s  w i l l  be used 

t o  acquire  te lemetry data from the spacecraf t , and  r e l a y  it i n  

real time t o  the AE-B con t ro l  cen te r  a t  Goddard by way of micro- 

wave communications f a c i l i t i e s .  Commands for the spacecraf t ,  

o r ig ina t ing  i n  the con t ro l  center ,  will be s e n t  by the same 

microwave system t o  the primary s t a t i o n s  f o r  subsequent t r ans -  

mission t o  t h e  spacec ra f t ,  Secondary s t a t i o n s :  These s t a t i o n s ,  

l i s t e d  below, will be used  as scheduled by p r o j e c t  requirements 

f o r  command and te lemetry func t ions  whenever the spacec ra f t  i s  

n o t  i n  view of the  primary s t a t i o n s .  
-more- 
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Blossom Point,  Maryland; College, Alaska; For t  Myers, 

Flor ida;  East Grand Porks, Minnesota; Johannesburg, Republic 

of South Africa;  Kano, Nigeria;  Lima, Peru ;  Goldstone Lake, 

Cal i forn ia ;  S t .  Johns, Newfoundland; Canberra, Aus t r a l i a ;  

Quito,  Ecuador; Santiago, Chile; Winkfield, England. 

PARTICIPANTS I N  AE-B 

NASA HEADQUARTERS 

D r .  Homer E. N e w e l 1  

Jesse L. Mitchel l  

Frank Gaetano 

R. Horowitz 

Vincent L. Johnson 

T. B. Norris 

GODDARD SPACE FLIGHT CENTER 

Dr. John F. Clark 

Dr. John W. Townsend, Jr. 

D r .  George F. Pieper 

Nelson W. Spencer 

Larry Brace 

Peter L. Luppino 

Associate Administrator f o r  
Space Science & Applicat ions 

Acting Director ,  Physics & 
Astronomy Programs Div., OSSA 

AE-B Program Manager 

AE-B Program S c i e n t i s t  

Director ,  Launch Vehicle & 
Propulsion Programs 

Delta Program Manager 

Acting Direc tor  

Deputy Direc tor  

Ass i s t an t  Di rec tor  f o r  Space 
Sciences 

Chief, Laboratory for Atmos- 
phe r i c  and Bio logica l  Sciences 
& AE-B P ro jec t  Manager 

AE-B P ro jec t  S c i e n t i s t  

Tracking & Data Systems 
Manager 
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W i l l i a m  R. Schl inder  

RQbert H. Gray 

DOUGLAS AIRCRAFT COMPANY 

Marcus F. Cooper 

J. Kline 

EXPERIMENTERS 

H. Taylor 

C. Reber 

L. Brace 

G. Newton 

Delta P r o j e c t  Manager r 

Ass i s t an t  Director ,  Unmanned 
Launch Operat i ons  

Director ,  L - - -  Flo r ida  T e s t  Cen- 
ber, Cape Kennedy 

Delta Systems Engineer 

Ion Mass Spectrometer (1) 

Neutral  P a r t i c l e  Mass 
Spectrometer (2)  

E l e c t r o s t a t i c  Probes ( 2 )  

P r e s s u r e  Gages (3) 

A l l  experimenters are members of t h e  Aeronomy Branch of 

t h e  Laboratory for Atmospheric and B io log ica l  Sciences a t  t h e  

Goddard Space F l i g h t  Center. 

PRINCIPLE CONTRACTORS 

Aero Geo Astro Corp. Ion Spec t rom t e r  
College Park, Md. 

Applied Physics Lab. Spin-axis Or i en ta t ion  
Howard County, Md. 

The Budd Company 
Phi ladelphia ,  

Spacec ra f t  s h e l l  

Consolidated Systems Corp. Two Mass Spectrometers 
Monrovia, Calif. 

GCA Corp. 
Bedf ord, Mass . Two Density Gages 

National Research Corp. One Density Gage 
Equipment, COW . 
Newton Highlands, Mass . 
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Yardley Ele c t r i c  Co. 
N e w  York City 
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Silver-zinc b a t t e r i e s  

U N I V E R S I T Y  P A R T I C I P A N T  

University of Michigan 
Space Physics Research 
Lab. 

Two e l e c t r o s t a t i c  probes 
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